Setting and population
Gauteng comprises the largest share of the South African population, with ~13.5 million people living in the province. Johannesburg has a population of 4.5 million, making it the largest South African city and one of the largest African cities. Johannesburg has an overall TB incidence of 326 cases per 100 000 population. [5] The three universities selected for this study are located in Johannesburg, with less than 40 km between them. The universities, with a total annual intake of 19 000 first-year students, offer a diverse range of undergraduate programmes.
The study population included all first-year students aged 18-25 years (students could thus sign written informed consent without parent/legal guardian permission) who were registered between February 2017 and November 2017 at one of three tertiary institutions (universities) chosen for the study in Johannesburg (two government subsidised and one private university). A convenience sample was obtained by approaching first-year students in common areas on the days that study staff (i.e. interviewers) visited the university campuses (e.g. library, canteen, lunch area). Because the target population of the study was high school leavers entering tertiary education, students who had completed secondary school more than three years ago and those who had been university students for more than one year (e.g. those completing a bridging year prior to registering for a formal degree) were excluded.
Study procedure
Study staff approached potential participants and those who met the initial pre-screening criteria (e.g. first-year student and registered at the university) were invited to participate. Thereafter, study staff provided a detailed explanation of the study and confirmed eligibility, and eligible students were asked to provide written informed consent. Students enrolled in the study completed a self-administered, close-ended structured questionnaire. Both the informed consent and questionnaire were available in English only. The questionnaire contained questions on participant demographics, HIV knowledge, HIV risk perception, TB knowledge and TB risk perception. Questions relating to knowledge and risk perception were derived from published questionnaires [14] [15] [16] [17] [18] [19] [20] [21] and adapted for the local context. Assessment of knowledge (36 items for TB and 42 items for HIV) included questions about cause, mode of transmission, symptoms, risk factors, prevention, treatment and where to obtain help if sick, ways of preventing disease, and treatment for HIV and TB. Questions on risk perception (10 for TB and 20 for HIV) included questions that reflected common myths and misconceptions and also focused on perceived susceptibility to TB/HIV, perceived benefits and barriers to seeking care and disclosure of TB and/or HIV. Questions on HIV risk perception included additional questions from the validated perceived risk measure as reported by Napper and colleagues. [22] Study staff helped the participants to complete the self-administered paper-based questionnaire and then entered the responses into REDCap, an electronic data entry tool, hosted at the University of the Witwatersrand. [23] Sample size and weighting OpenEpi epidemiological calculator for prevalence studies was used to calculate the sample size (http://www.openepi.com/SampleSize/ SSPropor.htm). Using an estimated population of 19 000 firstyear university students across the three universities (regardless of gender), an anticipated percentage frequency of 50%, and a confidence limit of ±5%, the estimated sample size calculated to have sufficient power to detect true level of knowledge was 634. Taking into account a 20% non-response rate, the total sample size increased to 792. We further weighted the sampling according to the estimated number of first-year vacancies that each university had, so that participants were enrolled at a ratio of 3:6:1 for each university. During the study period, study staff (i.e. interviewers) rotated through the 3 universities and 6 campuses to enrol 792 firstyear students.
Study variables
Socioeconomic status (SES) was measured using an asset index, based on ownership of assets, power source, and food security as recommended by Filmer and Pritchett (1998) . [24] Assets were combined into a wealth index using weights derived through principal component analysis (PCA). The PCA involves breaking down assets (e.g. type of dwelling, radio, refrigerator) or household service access (e.g. electricity, access to water, sanitation etc.) into categorical or interval variables. The variables were then processed to obtain weights and principal components. Based on this index, SES of households was divided into three categories (low, medium and high) representing proxies for SES.
The high school where participants obtained their senior certificate after Grade 12 schooling was recoded as either a private or public high school according to name of school and city or province where the school was located. In most instances, this involved accessing the school's public website to ascertain this. Race or ethnicity was classified as reported by participants (i.e. self-identifying).
Outcomes, data and data analysis
The primary outcomes of the study were the proportion of students with poor knowledge of HIV or TB and a high risk perception of HIV or TB.
We assigned a number to participants' responses so that a score could be calculated and categorised. For TB and HIV knowledge, fourpoint Likert items ('True' , 'Probably True' , 'Probably False' and 'False') measuring either a positive or negative response to a statement were summed to create a score for the group of items. Questions with 'Yes' and 'No' response options were recoded and added to the score (e.g. a true response to the question was given 2 points and a false response 0). The total score was then split into higher and lower knowledge level based on the median score (i.e. less than the median as low/ poor knowledge, and more than or equal to the median as high/ adequate knowledge). For TB and HIV risk perceptions, a similar approach was taken. Using four-point Likert items, participants indicated their agreement with the statement ('Strongly agree' , ' Agree' , 'Disagree' and 'Strongly Disagree'). Questions for HIV risk perception that had other response options were recoded and added to the score. [14] The total score was split into low and high risk perception ARTICLE based on the median score. Missing or 'Refused to answer' responses were not included in the data coding, whereas 'Don't know' was regarded as a negative response to the statement and scored accordingly. Internal consistency of each set of questions was calculated using Cronbach's method, and the alpha coefficient presented. In addition, we report the completeness of data and the average number of data fields missing for each outcome.
Participant demographics (at enrolment) are presented using proportions for categorical variables and medians with corresponding interquartile ranges (IQRs) for continuous variables, and stratified by university. Continuous data were compared using the Kruskal-Wallis for non-parametric or t-test for parametric data, where appropriate, while the chi-square test (or Fischer Exact test for sparse data) was used to compare proportions.
We used modified Poisson regression to estimate the association between student characteristics (e.g. gender, nationality, SES etc.) and our primary outcomes. We present the crude or univariate estimate with the 95% confidence interval for each factor. Factors with p<0.1 in the univariate model along with other potential confounders (10% difference between the crude and adjusted estimates) and a priori variables (e.g. age, gender, university, SES) were included in the final multivariate model. To minimise issues with highly correlated variables, we used principal component analysis (PCA) -a method that combines the variables in a non-correlated way -to create a new variable (e.g. SES) which was included in the model. All analyses were conducted using SAS version 9.3 (SAS Institute, USA).
The present study was approved by the Human Research Ethics Committee (Medical) of the University of the Witwatersrand (Certificate number M161019). All participants provided written informed consent to participate in the study.
Results
A total of 1 656 students were approached to participate in the study. A third of the students (32.1%, n=532) approached did not have time to participate in the study, 5% (n=84) were not interested in participating and 7.8% (n=130) were not university students or first-year students. Of those interested in participating and screened (n=910), 811 were eligible to participate and were enrolled. Of these, 792 were included in the analysis after fictitious data (n=5; where students fabricated data), duplicates (n=11) and those with incomplete consent (n=3) had been removed (Fig. 1 The number of participants enrolled at each university reflected the relative size of the university population (i.e. n=228, 28.8%; n=480, 60.6% and n=84, 10.6%). The majority of students were of the Christian religion (88%), single (98.6%) and studying full-time (98.7%), with only a few students (5.5%) reporting that they were employed. Participants were predominantly between the ages of 19 and 25 years (65.8%), of black ethnicity (91.2%), South African (73.7%), female (54.8%), and mostly public high school graduates (74.4%) who completed high school in Gauteng Province (59.6%) ( Table 1 ). Compared with participants registered at the two government-subsidised universities, the private university (n=84) had more female (61.9% v. 57.0% and 52.5%) and more white students (13.1% v. 4.4% and 1.3%) and a higher SES as measured by higher-than-average monthly household income, attended a private high school, tuition paid by parents, living with spouse/ partner/parent, private health insurance and high SES according to the PCA (p<0.05).
Knowledge and risk perception
Prior to the analysis, we tested the internal consistency and completeness of the data, as presented by each outcome ( Table 2) . Questions related to TB risk perception had the lowest internal consistency (<0.50 indicates that the items are not appropriate; ≥0.70 is preferred). In particular, students appeared to struggle with the question 'I live Based on our definition, 55.3% (n=438) and 52.1% (n=412) were categorised as having poor TB or HIV knowledge while 43.4% (n=344) and 39.8% (n=315) were categorised as having high TB or HIV risk perception. Compared with participants registered at the two government-subsidised universities, those registered at the private university (n=84) had poorer knowledge of TB and HIV and perceived their risk of acquiring TB or HIV as low (p<0.05).
Compared with female participants, male students were more likely to have poor knowledge of HIV (relative risk (RR) 1.21, 95% confidence interval (CI) 1.04-1.46) and perceive themselves at risk of acquiring HIV (RR 1.63, 95% CI 1.25 -2.12) ( Table 3) . Compared with those with a high SES, individuals with a low SES perceived themselves at risk of acquiring HIV (high v. low SES RR 0.67, 95% CI 0.46 -0.98; p<0.05). Other factors, such as no health insurance, tuition paid by loans or scholarships, or not living with spouse/ partner/parent, supported this finding (p<0.05 in the univariate) and contributed to a high TB and HIV risk perception (Tables 3 and 4 ).
HIV and TB health-seeking behaviour
One in 3 students (n=242; 30.6%) reported that they had never had an HIV test, and this figure was significantly higher (59.5%) among students attending the private university. Of the students who reported knowing their HIV status (n=555), 44% reported that they had never had an HIV test, which suggests that many students assume their status despite having never been tested, perhaps because they had not been sexually active or considered themselves at low risk. [7] Among those who had had an HIV test (n=413; 52.1%), the majority had been tested in the previous 6 months and, for a third (n=127; 30.8%) of them, this was the only test reported within the last 5 years, possibly as a result of active participation in HIV wellness days arranged by the universities. In total, 24 participants (9 male and 15 female) reported that they were HIV-positive and, of these, 15 (62.5%) were on antiretroviral therapy. Less than 15% of students enrolled (14.1%) had been screened for TB in the past 6 months. HIV testing and TB screening behaviour was similar among male and female participants (p>0.05).
Discussion
Compared with adults, young people generally lack sufficient knowledge about HIV and are less likely to be tested. [9] We show that, compared with females, males have a poorer knowledge of TB (62.5% v. 49.3%) and HIV (56.8% v. 47.0%), which is contradictory to other reports [25, 26] but might be because adolescent women are more likely to engage in healthcare services (i.e. contraceptive services or antenatal care, which serve as potential sources of information) in our setting. The present study shows that low SES was associated with a high-risk perception of HIV. The disproportionate burden of HIV disease and HIV fear among the poor and vulnerable in South Africa has been described. [27] Those with a poor SES report lower frequency of HIV testing, poorer access to HIV information, more stigmatising attitude towards HIV, and high personal HIV risk perception. [27] Exposure to social media and interpersonal communication may be responsible for the lower HIV risk perception observed among those with a high SES. That many of the students had access to radio, television and computers/laptops, in particular those attending the private university, may explain this finding. Furthermore, gender differences seem to exist in perceptions of the risk of acquiring HIV, with males having a higher risk perception than females.
Results from the present study show that the prevalence of HIV among university students in Johannesburg, who reported their HIV status, was slightly lower than what has been reported nationally among young adults (15 -24 years) (4.1% v. 4.6%). [28] As only 63.1% of those who responded admitted to ever having an HIV test, this number is likely to be an underestimate of HIV prevalence in this population. Less than 15% of participants had been screened for TB in the past 6 months. Because of high rates of TB/HIV co-infection, TB screening and services could serve as the entry point for HIV testing or facilitate the link to HIV counselling and testing (HCT), as a gateway to treatment and prevention services.
Adolescents and young adults are at increased risk for HIV and are the one group worldwide where reduction in new HIV cases or HIV-related mortality has not been observed. [29] Because adolescents are at high risk for both acquiring and transmitting HIV, they should be considered a priority in the development of HIV, TB and STI prevention strategies. [29] Addressing the health needs of this unique population is critical in order to achieve the UNAIDS 90:90:90 targets. [30] In particular, strategies to improve HCT as an entry point into the treatment and prevention cascade, including prevention, clinical management and psychosocial support, will be important. [5, 29] Two core groups should be considered when developing or testing new technologies or interventions for this group: HIV-negatives with a focus on prevention and the reduction of new infections, and HIV-positives with a focus on testing, treatment and ultimately viral load suppression.
Study limitations
The results of this study should be considered in the light of the study limitations. Firstly, we included 3 out of more than 30 universities across SA, which may limit the generalisability of the study findings. To minimise selection bias, we included 1 private and 2 of the biggest public universities in SA -one a traditional university which offers theoretically oriented degrees and the other a comprehensive university which offers both theoretically oriented and vocationally oriented diplomas and degrees. Secondly, we only enrolled students available during study visits to the campus, which limited our ability to enrol part-time students, those attending night classes and those registered for distance education. Thirdly, Cronbach's alpha, which is considered to be a measure of scale reliability or strength of consistency was low for TB risk perception (0.50), so the results should be interpreted with caution. The use of Likert scales may introduce bias which may include central tendency bias (where participants avoid using extreme response categories), acquiescence ...continued ARTICLE bias (where participants agree with the statement presented) or social desirability bias -presenting themselves in the best possible light. The questionnaires that were used contained an equal number of positive and negative statements ,which helped to alleviate the problem of acquiescence. However, central tendency and social desirability were more difficult to overcome. The questionnaire was also self-administered by participants, which minimised the introduction of interviewer bias but in some instances might have resulted in more missing data. Missing data also compromised the ability to calculate the PCA and derive SES for 21.7% of the participants. For almost half of the participants, the SES was that of the student whereas for others (those living with parents/guardians) the SES reflects that of their parents/guardians. Lastly, there was subjective reporting of participant data of TB/HIV testing and test results, which only relied on participants᾽ recall ability.
Conclusion
Adolescents and young adults leaving high school and entering tertiary education not only lack sufficient knowledge, but also perceive themselves at risk of acquiring HIV and/or TB. Knowledge and risk perception differ by gender and SES, where males and those with low SES had poorer knowledge of HIV and perceived themselves at risk of acquiring HIV. Participants attending two public universities had poorer knowledge and higher risk perception than those at a private university. Despite organised wellness days for HCT and access to healthcare services on campus, many participants did not know their HIV status and had never been tested for HIV. The present study, while demonstrating gaps in knowledge about TB and HIV, highlights the need to enhance health promotion activities among university students and provide additional support to improve testing behaviour. The university campus offers an opportunity to intervene and perhaps change the way that we reach and engage adolescent men in HCT.
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